Objective of the present study is to investigate the effect of coated edible films with chitosan solutions enriched with essential oil (EO) on the chemical, microbial and sensory properties of Kashar cheese during ripening time. Generally, no differences were found in total aerobic mesophilic bacteria, streptococci and lactoccocci counts among cheeses but these microorganism counts increased during 60 and 90 d storage especially in C1 (uncoated sample) as compared with coated samples. Antimicrobial effectiveness of the films against moulds was measured on 30, 60, and 90 d of storage. In addition of fish EO into chitosan edible films samples were showed to affect significantly decreased the moulds (p<0.05) as 1.15 Log CFU/g in C4 (with fish oil (1% w/v) fortified chitosan film) on the 90 t h d, while in C1 as 3.89 Log CFU/g on the 90 t h d of ripening. Compared to other cheese samples, C2 (coated with chitosan film) and C4 coated cheese samples revealed higher levels of water-soluble nitrogen and ripening index at the end of storage. C2 coated cheese samples were preferred more by the panellists while C4 coated cheese samples received the lowest scores.
Introduction
Traditional dairy products including cheese have an important place in rural food culture thus contributing to the formation of whole country's culture. Today, most of cheese types have registered trademarks and have their protected geographic indications (Dost et al., 2004; Ercan, 2009) . As a type of cheese, Kashar is manufactured and consumed in an extended geography including Turkey, where the production types and techniques of Kashar may vary depending largely on regions, producers and the methods applied and it has gained great diversity. Among the Kashar cheese types manufactured in certain regions and offering originality is the Göbek Kashar of Ardahan. This type of cheese is usually produced from cow milk using traditional methods and consumed after a long ripening period from 3 mon to 1 year. Göbek Kashar appealing to the taste of local people and containing rich nutrition elements (Yangilar, 2015).
Food coatings or edible films with the same functions, which are often composed of edible materials covering or buffering on/between food surfaces in a thin layer (Bravin et al., 2006) , may ensure quality positively by affecting the preservation, distribution and marketing of food products (Falguera et . Such a situation is largely useful for both the reduction of food deterioration resulting from free radical-mediate and human health for the protective role of antioxidants in cancer and coronary heart disease (Farbod et al., 2015) .
There are several studies conducted on the application of various antimicrobial films in Kashar cheese in literature, however; only few of them are related to the use of the essential oil combined coating material. From this point of view, the objective of the present study is to determine the effectiveness of chitosan edible film fortified with fish EO coatings in the prevention of mould growth and to investigate their effects on microbiological and chemical properties, proteolysis levels and sensory evaluation of traditional Göbek Kashar cheese during ripening.
Materials and Methods

Materials
Cow's milk obtained from a livestock facility in Göle, Ardahan province was used to produce the cheese together with microbial rennet (1:15000; Mayasan, Turkey) and analytical grade reagents (from Merck, Darmstadt, Germany and Sigma Chemical Co., USA). Fish oil (Ropufa 30 n-3 EPA oil) was obtained by DSM Co, Switzerland.
Production of Göbek Kashar cheese
Since no literature could be found about Göbek Kashar cheese, the term "Göbek" was accepted to be used for this local type and it was prepared following the method composed of the experiences of elderly villagers and cheese producers in the province. Experimental cheese samples were produced from raw cow's milk in a facility named Alibey in Göle district, Ardahan province using traditional methods without starter culture. Cheese was produced by filtrating and heating raw cow's milk (400 kg) up to 33°C and adding rennet diluted in water (1/10) in it for the formation of coagulation. Furthermore the coagulum was cut into cubes and allowed to rest for 15 min. When pH reached 5.5, whey was removed from curd in the tank and the curd was taken to a vat. Boiling process was conducted at 83 o C and 5.5% brine. Boiled cheese paste was cut into pieces in moulding machine at 75 to 83 o C, desired weight and put into moulds. After resting in mould for 10 min, mould was removed and past was expanded. After resting for an additional 10 min out of mould, Göbek Kashar cheese was taken on a wooden bench. Cheese samples were stored on benches for 10 h at room temperature and then additional 10 h at 10 to 15 o C. Göbek Kashar cheese, a traditional cheese type, gets its name from its shape (göbek means belly in Turkish).
Cheese samples were then divided into four groups C1 This solution was applied to cheese sample groups by dipping the cheese wheels for 60 s only twice and then left to dry for 2 h. The residual chitosan allowed to drip off and then, the cheeses were dried during 1 h at 22°C until coating would be cake.
Microbiological analysis
Edible films with the dried essential oils were removed from each cheese wheel by means of sterile gloves and microbiological analysis was conducted over the sample groups. An 11 g cheese part was taken from each sample and diluted in 99 mL of 0.85% (w/v) sterile saline solu-tion. Homogenisation of the samples was achieved using a Stomacher (Lab. Stomacher Blander 400 BA 7021, Swardmedical) in a sterile polyethylene bag for 1.5 min and a sterile 9 mL and 0.85% (w/v) NaCl solution was used for the dilution. The number of total aerobic mesophilic bacteria (TAMB; Merck, at 30±1°C for 72 h; Ozdemir and Sert, 1996) . Kjeldahl method (IDF, 1993) was used to measure total nitrogen (TN) while pH was detected using a pHmetre (WTW 340-1) as in the study of Savello et al. (1989) .
Nitrogen fractions
The rates of nitrogen soluble in water (WSN), 12% trichloroacetic acid (TCA-SN) and pH 4.6 were detected in percentage in the aliquots of the same cheese extract prepared as in Kuchroo and Fox (1982) . A 20-g grated cheese sample was homogenised in 40 mL H 2 O for 2 min through an Ultra turrax blender (IKA, USA); stored at 40°C for 1 h; centrifuged at 3000 g for 30 min at 4°C; its fatty layer was removed and the supernatant was filtered with filter paper (Whatman 113). Twenty-five milliliter extract prepared for WSN was taken at an equal volume of 24% (wv) and TCA was added for further fractionation of the nitrogenous compounds. The mixtures were incubated for 2 h at room temperature. Precipitates were filtered through filter paper (Polychroniadou et al., 1999) . The contents of WSN, TCA-SN and pH 4.6-SN were determined using Kjeldahl method. The ripening index (RI) was determined using the formula WSN/TN×100.
Sensory evaluation
Cheese samples were evaluated by 8 panellists who had performed sensorial evaluation of Kashar cheese, 3, 30, 60 and 90 d after the samples were stored for ripening based on Bodyfelt et al. (1988) by adjusting sensory criteria according to the characteristics of Kashar cheese. Panellists gave points (1 for poor and 9 for excellent) to the samples based on six characteristics e.g., colour, texture, taste and aroma, odour, saltiness and general acceptability.
Statistical analysis
Experiments were performed in completely randomised design with factorial arrangement i.e., four treatment groups (C1, C2, C3 and C4), four ripening times (3, 30, 60 and 90 d) and two replicates. SAS Statistical Software (SPSS 17.0, USA; SAS, 1998) was used for the analysis. Significance level (p<0.05) of statistical differences was determined using Duncan's multiple range tests and variance analysis.
Results and Discussion
The gross chemical and physical properties of raw milk Dry matter, fat and protein contents and acidity and pH rates of the cow milk used in the manufacturing process of Göbek Kashar cheese samples were 12.71±0.28%, 3.5 ±1.24%, 3.21±0.11%, 5.8±0.04 and 6.52±0.07, respectively while the counts of total aerobic mesophilic bacteria, lactobacilli, streptococci, coliform bacteria and moulds of the milk used in the production of Göbek Kashar cheeses were 8.15±0.03, 7.31±0.27, 6.5±0.51, 4.73±0.80 and 4.6± 0.25 Log CFU/g, respectively.
Microbiological evaluation
Figs. 1-5 represent the results obtained from microbiological analysis of the cheese samples. Differences between microbiological counts of cheese samples were determined to be significant (p<0.05) during the ripening period. Total aerobic mesophilic bacteria counts of C1 sample was found to be greater than the others on 60 th d of ripening.
As can be seen in Fig. 1 (2014) in fresh mozzarella cheese, where baseline microbial count was about 4.5 Log CFU/g slightly greater in control samples than the others coated with potassium sorbate. These results are not convenient with those in the present study, which showed that coating with essential oil enriched chitosan films does not have any negative impact on the growth of cheese maturing microorganisms. The treatment and ripening processes were found to affect significantly the formation of moulds (p<0.05) in coated samples in the present study changing between 1.15 and 2.7 Log CFU/g. Microbiological analyses showed that samples coated with chitosan fortified essential oil exhibited a decrease in moulds compared to control after 90 d of storage while C sample represented greater mould counts than C3 and C4 samples at the end of the ripening period. Yangýlar (2015) found that samples coated with chitosan and chitosan/whey protein (CWP) exhibited a decrease on moulds counts. Sarioglu stated for semi-hard cheese types coated with chitosan containing 0.5 mg/mL natamycin after a 27-d storage that the yeasts and moulds were 1.1 Log CFU/g lesser than with ) reported that the application of starch chitosan film in the storage of Mongolian cheese for controlling microbial populations was effective.
Chemical conclusion
Results of the chemical composition analysis of cheese samples in the present study is given in Table 1 and 2. Chemical changes in the samples were found to be statistically significant (p<0.05) until the end of 90 d ripening period. Dry matter rates of all cheese samples significantly increased during ripening. This increase was higher in the uncoated samples. The results also showed that the coating process with chitosan film enriched with fish oil might have delayed moisture losses compared to control. The packaging material has a significant influence on outage formed by the loss of moisture in cheese. Generally, the crust layer is enclosed on the surface of Kashar cheese during ripening depending on storage conditions. This layer is commonly removed before eating, and for this reason, being a very thick crust is not desirable as it will cause economic loses. Because of therefore, we think that outage formation because of moisture loss may be reduced by coating. Similar results were reported in beeswax coating which it did not change significantly (p>0.05) and these results are in agreement with the results of the present study.
As can also be seen in Table 1 , treatment and storage processes affected pH significantly (p<0.05). The pH level of cheese samples during ripening are shown in Table 1 Results of the present study showed that saltiness rates of the samples changed between 2.93 and 5.14%. Gulec et al. (2004) also found the lowest and the highest saltiness rates of casein coated Kashar cheese samples and control to range from 1.54% to 2.54% and 1.54% to 2.43%, respectively.
Both largest and smallest fat contents in the present study were found in the control sample to be 24.25% and 29.50%, respectively while for the same study material (coated Kashar cheese), Sarioglu and Oner (2006) also determined the lowest and highest fat contents to be 31.37% and 43.25%, respectively while in control group, these rates were found to be 30.5% and 42.25%, respectively. Similar results were reported also by Yilmaz and Dagdemir (2012) and Yildirim et al. (2006) . Farbod et al. (2015) stated that fat content of Iranian UF-Feta cheese fortified with fish oil or fish oil powder changed insignificantly during the storage time.
Proteolysis fractions of Göbek Kashar cheeses
Results of the proteolysis fractions carried out over cheese samples are given in Table 2 The rate of WSN increased during ripening period in all cheese samples and found to be 1.66% on 3 rd (C1 sample) and 3.52% on 90 th d (C2 sample) of ripening in the present study. Yilmaz and Dagdemir (2012) found WSN to be significantly higher in control cheese until day 90, followed by beeswax (single-layer coating).
In the evaluation of the ripening index, the values ranged from 6.11 to 12.69% for C1 sample, 9.00 to 11.79% for C2 sample, 9.23 to 13.36% for C3 sample, and 10.58 to 12.61% for C4 sample. The lowest percentage of ripening index was determined in C1 sample (6.11%) while C2 sample (13.36%) showed the highest percentages. In addition, statistically significant differences were determined between the ripening indexes values obtained on 90 th d. Moatsou et al. (2015) reported that the features such as overall composition and proteolytic pattern of hard-Gruyère-type cheese coated with natamycin during ripening did not change significantly.
Sensory evaluation
Results of the sensory evaluation of 90 d cheese samples on a scale from 1 (poor) to 9 (excellent) are shown in Table 3 . A significant difference (p<0.05) was found to be between the samples in colour, texture, taste and aroma, odour, saltiness and general acceptability. Control cheese (C1) received the highest texture scores (8.45) while fish oil fortified chitosan film coated cheese (C4) had the lowest texture score (6.30) and C2 sample was mostly preferred by the panellists in overall scores may be because of its high protein and fat content affecting the panellists' scores. C4 sample was given the lowest overall acceptability score by the panellists on 60 stated that compared to control, Ricotta cheese exhibited better texture conditions when it was coated with chitosan/whey protein film while no difference was found in visual appearance, texture, flavour and odour between un- It can be stated that coating process may significantly reduce mould growth during the ripening and thus extending shelf-life when compared to control. Results of the study indicate also that the use of fish fortified coating film with chitosan can inhibit mould growth during ripening without any adverse effects on cheese quality. In addition, effect of the coating with the substances mentioned above on the rate and extent of proteolysis was estimated quantitatively by considering the level of soluble nitrogen components in cheese during ripening. In terms of sensorial evaluation, panellists gave high scores especially to C1 and C2 group. This study is essentially relevant since it indicates successfully through the coated samples with chitosan enriched fish oil which could be used as good coating materials in the manufacture of traditional Göbek Kashar cheese.
